The occurrence of pteridines in various compartments of the chick embryo and the egg was determined. The data showed, that even before incubation biopterin and pterin were found in the yolk. The increase in pteridine concentrations in yolk and subembryonic fluid indicates an additional synthesis of biopterin, pterin and isoxanthopterin. No pteridines were detected in egg albumen . In contrary to allantois, where biopterin and isoxanthopterin were detected for the first time on day 10 of incubation, pteridines occurred in the amniotic fluid from day 13 on. On day 12 also neopterin and pterin could be measured in the allantoic fluid. The total amount of the examined pteridines, except isoxanthopterin, increased significantly during the period of development. The experiments in liver and kidney from day lOon showed the existence of biopterin, pterin and isoxanthopterin in these organs. During development the concentrations of the various pteridines increased in the organs. Toward the end of incubation, however, the concentration of isoxanthopterin dropped again. Altogether, the examinations showed that the development of the chick embryo resulted in an alteration of the pteridine pattern. Whether these elevations of certain pteridines are the expression of a general development has to be investigated in further experiments.
Introduction
The interest in pteridinology in the last years concentrated on the function of pteridines in tumour and immunologic processes. But there are also indications, that generally pteridines playa role in development and growth. Ziegler (1) found that the pteridine concentration in amphibia is distinctly elevated during the first phase of development, as well as in the differentiation and at the beginning of the metamorphosis. Concentrations of isoxanthopterin and erythropterin are elevated in the eggs of Phyrrocoris apterus during the development, especially in the days 9. -12. (2). 7-hydroxylumazine, the catabolic product of isoxanthopterin, is only found in traces in the eggs of the insect Bombyx mori. The activity of the isoxanthopterin deaminase increases after the maggot hatches and 7-hydroxy-Iumazine is mainly found in the skin (3) . Sepiapterin occurs only in the skin of the larva of axolotl, and not in the adult (4) .
The concentration of neopterin is markedly increased in amniotic fluid and in urine of pregnant women (5) . It is striking that the concentrations of urinary pteridines in children are higher than in adults (6).
Dhondt et al. (7) suggested that the neopterin/biopterin ratio alters continuously during the first two years of life in humans. During this period the complete development ofpteridine metabolism may occur.
Ontogenetic studies on rat brains (8) showed differences in the concentration of tetrahydrobiopterin. While the concentration is very low in prenatal hypophysis and reaches the value of the adult animal 3 -5 days after birth, the concentration of tetrahydrobiopterin in brain is elevated 2 days before birth and is decreased after birth. The concentration of tetrahydrobiopterin in the middle brain reaches a maximum 12 days after birth and thereafter declines.
Xanthopterin and isoxanthopterin have a negative effect on DNA and RNA synthesis in eggs of Oncopeltus (9) . The authors suggest that isoxanthopterin, which in contrast to xanthopterin is not altered during development, is specificly bound to a protein, which exerts a growth regulating effect by releasing the pteridine.
Pteridines are also involved in regeneration processes. The tail regeneration of the amphibian Triturus cristatus expresses itself in an increase of biopterin concentration in the skin of the regeneration bud. The elevation of biopterin can be inhibited by isoxanthopterin and chloramphenicol (10) . Altogether, the knowledge about the function of the pteridines in the developmental process is unsatisfactory.
In our studies the developing chick embryo was used as a model. The aim of our work was to determine the occurence of pteridines in various compartments of both the chick embryo and the egg, and to investigate the alteration of pteridine pattern during embryonic development.
Material and Methods

Incubation and treatment of the eggs
Fertile eggs from White Leghorn hens, obtained from a commercial supplier, were incubated at 37-38°C and a relative humidity of 63 -67%.
Samples
Due to the photolability of the pteridines, the taking of the samples was carried out with reduced light.
Egg albumen was taken before incubation and on days 3, 5, 8 and 10 during the incubation period.
The viscous and the liquid egg albumen were separated. At the same time the yolk was collected together with the yolk sac membrane. The weight of the yolk in this period was constant at 20.0 ± 0.5 g.
Allantoic fluid was drawn by aspiration with a syringe after exposure of the air cell. The biopsy was carried out on day 10 -16 of incubation. During this period of time the volume of the allantois ranged between 7.0-11.3 ml.
Amniotic fluid was collected at the same time. The volume of the amnion remained nearly constant at 4.01 ± 0.52 ml. For the excision of organs, the embryo was killed by decapitation. The liver and the kidney were collected on day 10-18 of incubation and on the day of hatching. During this period the liver weight increased from 31 mg (day 10) to 830 mg (day 22) and the kidney weight from 63 mg (day 12) to 303 mg (day 22). The samples were frozen and stored at -20°C .
Sample preparation
Pteridines in biological tissues and fluids are present in their reduced and oxidized forms. Acidic oxidation converts all forms of pteridines to the fully oxidized forms and is thus a measure of the total amount present (11).
Allantoic, amniotic and subembryonic fluid (1 ml) was acidified by adding 300 III of 1 N HCl and oxidized with 200 11 of 0.5 % 1/ 1 % KI in 0.1 N HCI. After incubation in the dark (1 h), 200 111 of 1 % ascorbic acid was added to reduce the excess iodine, 40 III trichloroacetic acid (5 mol/I) was added to precipitate the protein. The mixture was then centrifuged . The oxidized pteridines in the supernatant were purified by Dowex H + chromatograph (Dowex 50Wx8, 100-200 mesh) as described by Fukushima and Nixon (11) . The purified pteridines were determined by HPLC.
The samples from organs and yolk were oxidized using another method, also described by (11) . The samples were homogenized in a 9-fold volume of phosphoric acid (0 .033 mol/I). To 1 ml of the homogenate 1 ml of 0 .5% 1/ 1 % KI in 0.2 N TCA was added and the purification was performed as described above.
H P LC-procedure
The high pressure liquid chromatograph consists of a Biotronik BT 3020 pump, an automatic sample injector Deripas BT (Biotronik, Maintal, FRO) and a fluorescence detector Model RF-530 (Shimadzu, Japan). Pteridines were monitored with excitation at 350 nm and emission a t 450 nm. Separation was made with a ready-to-use column (500 x 4.6 mm ID) packed with 5 I1-Spherisorb ODS II. The quantification of the chromatogram was achieved with a chromatopac C-R3A (Shimadzu, Japan) using the external standard method.
The chromatographic elution was performed with a 1.7 mM aqueous phosphoric acid buffer pH 2.75, containing 7% mcthanol and 1 % acctonitrile which was filtered and degassed before use. The total analysis time was 22 minutes. The recovery rate of pteridines added to the samples before work-up was 95%. The values of pteridines were reproducible to within 5% in double or triple HPLC determinations. Creatinine as a reference parameter was determined using a creatinine kit from Sigma (12). 
Chemicals
All pteridines used as standards were from Dr. B. Schircks (Jona/Switzerland).
Results
Pteridines in the egg albumen
Pteridines were found neither III the viscous nor in the liquid fraction of egg albumen. The detection limit was 0.5 ng/ml fluid (egg albumen, allantois, amnion) for neopterin, biopterin and pterin and 0.1 ng/ml for isoxanthopterin.
Pteridines in the y olk
The yolk was examined in the same period of time as the egg albumin. In the nonincubated egg only biopterin and pterin were detectable (Fig. 1) . The concentration of biopterin remained on a constantly low level till day 5 of incubation and increased 4-fold by day 10. Pterin followed a similar course. The increase of pterin started on day 3 of incubation. The concentration of pterin in the yolk was always higher than the concentration of biopterin. Isoxanthopterin could not be detected before day 5 of incubation, and then only in very small amounts.
Pteridines in the subembry onic fluid
A complete and clean collection of the subembryonic fluid was only possible between day 5 -10 of incubation. As shown in figure 2 , the levels of biopterin and pterin elevated distinctly from day 5 to day 10.
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. . 11 10 10 The concentration ofpterin was markedly higher than of biopterin. As in the yolk, isoxanthopterin concentration was very low. Neopterin was not measured before day 10 of incubation.
Pteridines in the amniotic fluid
Amniotic fluid contained biopterin and isoxa nthopterin from day 13 on, but no pterin (Fig. 3) . The concentration of biopterin is marked by a sharp increase from day 13 -16 of incubation. 
Pteridines in the allantoic fluid
In comparison to the preceded examinations, the high concentration of isoxanthopterin in the allantoic fluid is striking (Fig. 4) . The level of isoxanthopterin increased constantly till the day 13 of incubation and thereafter declined . The excreted amount of biopterin, however, increased till day 16 of incubation. In contrary to yolk and amniotic fluid , neopterin was found from day 12 on in the allantoic fluid .
Pteridines in the liver
Biopterin, pterin and isoxanthopterin were found in the liver (Fig. 5) . While biopterin and pterin distinctly increased in the last third of the embryogenesis, the concentration of isoxanthopterin remained at a constantly low level.
Pteridines in the kidney
As in liver, biopterin and pterin in the kidney showed an increase in the last third of incubation with an especially intensive increase in biopterin between day 13 and 16 ( Fig. 6) . In contrast to the liver, the kidney showed a high concentration of isoxanthopterin. 
Discussion
No data about the occurence of pteridines in the developing chick embryo are available yet. The examination of the non-incubated egg showed that no pteridines were detectable in the egg albumen. Obviously, the pteridines were delivered in the yolk from the hen. During the incubation, the pteridine concentrations in the yolk did not remain constantly low. A distinct increase of biopterin and pterin occurred from day 5 onwards. At this time isoxanthopterin was detectable, too.
The sub embryonic fluid , bordered on the yolk sac, which is produced from day 2 of incubation and disappears until day 15 (13, 14) , showed a massive increase in pteridine concentrations. The concentration of the pteridines in the subembryonic fluid was higher than in the yolk. One can assume that the pteridine metabolites are synthesized in the yolk sac. The purines and nucleosides, present in the yolk (14) can be considered as original material. The occurrence of isoxanthopterin in the yolk and in the subembryonic fluid is not surprising, as pterin, the substrate of the xanthindehydrogenase (XDH) and XDH are present in the yolk sac (15).
It is not known, which functions the pteridines in yolk and subembryonic fluid have. It is possible, that the pteridines of the subembryonic fluid at least are supplied at an early stage to the embryo, as the subem-27 bryonic fluid represents the primary nutrition of the avian. It must be mentioned here, that pteridines occur in the eye pigment present in the avian in a very early phase (16, 17) . In the development of the brain, pteridines also playa role, too. Tetrahydrobiopterin is a coenzyme in the synthesis of dopamine and serotonine. It could be that these organs must be provided with exogenic pteridines, l'lroduced in the yolk sac.
Pteridines were found in the amniotic fluid of the chick embryo, as well as in human amniotic fluid (5, 18, 19) . In contrary to humans, where neopterin represents the main share, no neopterin occurs in the avian. The amnion of the chick embryo shows dominately biopterin. But it must be mentioned that the avian amnion differs in development and function from that of humans. The avian has a well developed allantois in the main period, serving as an excretion reservoir. In humans, however, the extraembryonic part of the allantois degenerates in the 2nd month of pregnancy (20) . Its function is taken over by the amnion. In human the amnion is the real reservoir for the excretions of the embryo. Therefore, it is not surprising that the human amnion differs in the pattern and concentration of pteridines from avian ammon.
It is striking, that the pteridines in amniotic fluid are not detectable before day 13 of incubation. At this time a connection exists both between egg albumen and amnion and between egg albumen and yolk sac (21) . One may suppose that the pteridines are transferred into the amnion via the yolk sac connection. This kind of migration of the pteridines into different compartments was determined during metamorphosis of Bombyx mori (3 , 22) .
In the allantoic fluid , neopterin, biopterin, pterin and isoxanthopterin were identified. In general, the amount of pteridines excreted increased during incubation. Only isoxanthopterin reached its maximum on the day 13 and decreased thereafter. No event is known, which could explain the excretion course of isoxanthopterin in the second part of the embryogenesis. But it could be that isoxanthopterin is catabolized to the corresponding lumazine, as observed in the maggots of Bombyx mori (3).
In comparison to yolk, liver, amniotic and embryonic fluid , the isoxanthopterin concentration in the allantoic fluid is relatively high. The reason could be the high XDH activity in the kidney, catalizing the synthesis of isoxanthopterin from pterin.
In the liver, where XDH activity was low (23) the concentration of isoxanthoperin was small, while the concentration of biopterin and pterin was high during the incubation.
In contrast to the liver, the isoxanthopterin concentration in the kidney is distinctly higher. As mentioned above XDH activity is higher in the kidney than in the liver. It could be suggested that the kidney plays an important role in the synthesis and excretion of isoxanthopterin, reflected in a high concentration of isoxanthopterin in the allantoic fluid.
Altogether, the examinations showed that the development of the chick embryo resulted in an alteration of the pteridine pattern. Whether these elevations of certain pteridines, dependent on compartments or organs, are the expression of a general development, has to be investigated in further experiments, where the development of the chick embryo is inhibited or stimulated.
